Purpose Our study aimed to evaluate the quality of life of the patients operated due to Chiari malformation type 1 (CM-1) in the Department of Pediatric Neurosurgery, Medical University of Silesia in Katowice. Methods We performed a retrospective analysis of 11 patients diagnosed with CM-1 who were treated in our center in the years 2007 to 2016. There were 6 female and 5 male individuals. Short-term evaluation of the outcome was based on comparison of the presenting symptoms and radiological images before and after the surgical treatment. Long-term follow-up was carried out using survey questionnaires based on the Chicago Chiari Outcome Scale (CCOS) devised originally by Aliaga et al.
Introduction
Chiari malformation type 1 (CM-1) is a congenital disorder typically defined as a herniation of the cerebellar tonsils equal to or more than 5 mm below the foramen magnum into the spinal canal visible on MRI or CT scans [1, 4] . CM-1 is more common among pediatric patients (0. .7% in children [13, 18, 19] vs. 0.24-0.9% in adults [15, 18, 21] ) and may be accompanied by syringomyelia [9, 20] . Using tonsillar position as an only diagnostic criterium may lead to misdiagnoses as some patients with tonsillar herniation less than 5 mm may present with CM-1 symptoms [1, 8, 17] and many patients with the low tonsillar position may be completely asymptomatic [16, 18, 19] .
The most common symptoms caused by tonsillar herniation are headache, intramedullary syndrome, motor deficits, paresthesia, hyperreflexia in lower limbs, nystagmus, and gait disturbance. Surgical treatment is the only way to improve symptoms and prevent from a progression of the clinical manifestation [14] . The primary type of surgery performed is craniocervical decompression with or without additional procedures such as duraplasty and reconstruction of the cisterna magna, cerebellar tonsils' cauterization, and reconstruction of arachnoid and exploration of the 4th ventricle [3, 10] . The main aim of the surgical treatment is to improve cerebrospinal fluid circulation, reconstruct subarachnoid space, and reduce possible compression of the brainstem.
Our study aimed to evaluate the outcome of the patients treated due to CM-1 in our center.
We have conducted the retrospective analysis of the medical records of pediatric patients treated for CM-1 in the Department of Pediatric Neurosurgery in Katowice from 2007 to 2016. We identified 11 patients under the age of 18 (6 girls and 5 boys) diagnosed with CM-1, with or without any accompanying disorders-syringomyelia and hydrocephalus.
Short-term evaluation (mean observation time was 35 months) of the outcome was based on clinical examination and radiological images (MRI or CT scan). Long-term follow-up included physical examination, MRI or CT scan, and survey questionnaires based on the Chicago Chiari Outcome Scale (CCOS) designed originally by Aliaga et al. [2] .
What symptoms are considered typical?
The most common symptom in our group was headache. In 7 cases, it was localized in the occipital region and 1 case in the temporal region. It was followed by gait disturbance (5 cases) and neck pain (4 patients). Three patients presented with positive Romberg's test and also 3 individuals with dysphagia. The most common associated radiological sign was syringomyelia (6 patients), mostly in the cervical region.
Criteria for surgical indications
Inclusion criteria for surgical intervention were as follows: cerebellar tonsils' herniation more than 5 mm below the foramen magnum in MRI study and simultaneous occurrence of clinical symptoms that disturbed patients' participation in their daily duties or routines. The evaluation of the tonsillar herniation depth was managed by measuring the length of the cerebellar tonsils beneath the line drawn between the inner margins of the foramen magnum. Asymptomatic cerebellar tonsils' herniation was not an indication for surgery.
Type of surgery commonly used
The most common surgical procedure was bony decompression of foramen magnum (8 cases) and bony decompression with additional duraplasty and reconstruction of the cisterna magna (2 cases). We usually used to perform small posterior fossa craniectomy and laminectomy C1. One patient underwent endoscopic third ventriculostomy to treat hydrocephalus at first.
When the result is considered good?
In the short-term follow-up, the outcome was considered good when patients or their parents (caregivers) reported an improvement of symptoms. Good long-term outcome was considered if the patient was evaluated as Bimproved^according to CCOS score.
Due to a small study group, data and basic descriptive statistics were summarized and analyzed with the use of Microsoft Office 2016, Excel software, and Statistica 13.0 (StatSoft).
Presentation of the series
Our group consisted of 11 patients, 6 females and 5 males. The most common associated condition was syringomyelia (6 patients, 55%), most commonly located in the cervical segments. The median age of our patients was 9 years (IQR = 2-13). Median time from admission to surgery was 1 day (IQR = 1-1), and the median total length of stay in hospital was 8 days (IQR = 6-9). The most common method of treatment was bony decompression (suboccipital craniectomy together with laminectomy C1) performed without or with duraplasty and reconstruction of the cisterna magna (8 and 2 patients, respectively). None of the patients underwent reoperation. The average time that elapsed from surgery to assessment using CCOS was 50.9 months (ranged 8-110 months).
According to the authors of CCOS, patients should be assessed not earlier than 12 months after surgery due to the risk of recurrence of certain symptoms [2] . Two of our patients were assessed 8 months after surgery, which can be perceived as a limitation of our study. Median CCOS was 13 (IQR = 11-15, ranged 10-16). The patients were divided into three groups, described as improved, unchanged, or worse, with corresponding CCOS scores of 13-16, 9-12, and 4-8, respectively. Six patients were categorized as improved and 5 as unchanged. No one was evaluated as Bworse^after surgery. Mean score in each category of the scale was as follows: pain = 3 (IQR = 2-4), non-pain = 3 (IQR = 2-4), functionality = 3 (IQR = 3-4), complications = 4 (IQR = 3-4). Percentage distribution of scores in all CCOS categories is presented in Fig. 1 .
We found significant negative Spearman's correlation between CCOS total score and age at surgery (R = − 0.85, p = 0.0009) [Fig. 2] . The most common symptoms reported during follow-up in the Bpain category^were headache and balance disorders in the Bnon-pain category.Î ncidence of CM-1 was estimated at 0.5-3.5% in MRI studies and about 0.62% in anatomical studies in the general population [5, 12, 13] . The presence of tonsillar ectopia itself is not an indication for the surgery. Only if clinical symptoms occur, the surgery may be considered. There are not many manuscripts that describe the effects of surgical treatment of CM-1 in a pediatric population, and there is no consensus on the optimal surgical technique. In our department, 8 patients underwent bony decompression without duraplasty, and 2 patients underwent laminectomy with duraplasty and reconstruction of the cisterna magna. One patient was initially treated with ETV due to hydrocephalus that coexisted with CM-1. According to CCOS, the symptoms of most patients improved after the surgical treatment in our study. We did note report worsening in any patient.
Chotai and Medhkour [6] noticed a significant overall improvement in 85% of operated patients during a mean followup period of 14.7 months (range 1-60 months). However, their study group analyzed the patients aged from 16 to 58 years.
Förander et al. in their review and meta-analysis [7] found that 96 (23%) patients treated with bony decompression and duraplasty did not improve neurologically after the surgery. Also, 11 patients out of the total number of 51 (22%) treated with bony decompression alone did not improve after surgery. It means that less than 25% of patients in both groups failed to improve after any surgery. Childs Nerv Syst (2019) 35:1911-1914 In another review of 18 articles carried out by Zhao et al., overall clinical improvement was noticed in almost 80% of patients, 14% of patients were stable, and in nearly 7% worsened after surgery [22] .
Massimi et al. [11] , in a very recent paper, presented results of treatment of 42 patients with CM-1. The mean follow-up was 11.3 years (ranged 5-15 years). They showed that symptoms disappeared completely in 76.5% of patients, and the next 21.5% of patients improved after the surgical intervention. Only 1 patient did not change after the surgery. All patients underwent suboccipital craniectomy. Additional C1 laminectomy was performed in 90% of cases and dural delamination in 50% of patients.
Conclusion
The decision of whether to operate pediatric patients with CM-1 should be considered very carefully. In our department, the main indication for surgery was the occurrence of clinical symptoms. Our study revealed that in the symptomatic patients, surgery improves their quality of life measured with CCOS.
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